Skin cutaneous melanoma (SCM) is one of the most aggressive skin cancers with a high mortality rate and the fastest growing global incidence rate of all malignancies. The study was aimed to develop clinical nomograms to predict longterm overall survival and cancer-specific survival ( 
INTRODUCTION
Skin cutaneous melanoma (SCM) is an aggressive form of skin cancer with a high mortality rate and the fastest growing global incidence rate of all malignancies [1, 2] . In 2017, a total of 87,110 estimated new cases of SCM were diagnosed with 9,730 estimated deaths in the USA alone, making SCM the sixth leading cause of cancer deaths in men and the seventh in women. An estimated 74,640 cases of melanoma was in situ predicted for 2017
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Oncotarget s1217 www.impactjournals.com/oncotarget [3] . Considering clinicopathologic heterogeneity and biological behavior diversity, the SCM incidence rates range from 25% to 61% among men and 11% to 43% among women in the United States, and the mortality rates range from 10% to 26%; the 5-year survival rates of SCM in the United States were 78% for men and 86% for women [4, 5] . Therefore, accurate estimates of the prognosis of patients with SCM on the basis of clinicopathologic characteristics would help physicians provide appropriate individualized treatment. Patients with SCM are also at high risk of death from other factors such as distant metastasis, secondary cancers, and chemoradiotherapeutic toxicity. As a result, overall survival might fail to accurately describe a patient's survival rate attributed to SCM, whereas estimated specific death may more accurately describe patient survival due to SCM. Therefore, competing causes of death should not be considered when evaluating cancer-specific survival (CSS) of SCM.
This study aimed to use a large, retrospective population-based database to evaluate and estimate the probability of cancer-specific death and competing risk analysis. This study also developed SCM nomograms to predict long-term OS and CSS probabilities on the basis of multiple clinicopathologic risk factors to improve estimated individual patient treatments and prognosis.
MATERIALS AND METHODS

Ethics statement
The study was approved by the Ethical Committee of GuiZhou People's Hospital. Informed patient consent was not required for the data released by the Surveillance, Epidemiology, and End Results (SEER) database.
Data source and patient selection criteria
Given that TNM stage information was not obtained until 2003, we used the SEER database of the National Cancer Institute (http://seer.cancer.gov/) to screen all patients with SCM diagnosed between 2003 and 2013, which included cancer data from 17 population-based registries among 14 states across the United States, comprising approximately 28% of the United States population [6, 7] . The specific inclusion criteria used to identify eligible patients were as follows: 1) patients were diagnosed from 2003 to 2013; 2) CS Schema v0204+ was skin cutaneous melanoma; 3) histological type ICD-O-3 was limited to 8720/3 (malignant melanoma, NOS); 8721/3 (nodular melanoma); 8742/3 (lentigo malignant, melanoma); 8743/3 (superficial spreading melanoma); 8744/3 (acral lentiginous melanoma, malignant); 8745/3 (desmoplastic melanoma, malignant); and 8772/3 (spindle cell melanoma, NOS); and 4) the SCM primary tumor site was the head and neck (skin of lip, scalp and neck, external ear, other/unspecific parts of face, and eyelid), trunk (skin of trunk), limbs (skin of lower limb and hip, upper limb, and shoulder), and genitals (skin of labium minus, labium majus, clitoris, vulva, overlapping lesion of vulva, penis, glans penis, prepuce, and body of penis). The exclusion criteria were as follows: 1) multiple primary cancers were excluded; 2) patients with a survival of less than one month and unknown; and 3) lack of information on tumor size, Clark level, Breslow thickness, ulceration, radiation, primary surgery site, and race (for the detailed inclusion and exclusion criteria, see Figure 1 ).
Statistical analyses
The eligible patients were randomly divided into a training cohort (70%) and a validation cohort (30%) to establish and validate a competing risk nomogram model. Continuous variables, such as age, tumor size, and Breslow thickness, were transformed into categorical variables based on recognized cutoff values. Age was classified into six groups (≤ 29, 30-39, 40-49, 50-59, 60-69, and ≥ 70 years). Breckness thickness was divided into five groups (< 1, 1-2, 2-3, 3-4, and > 4 mm). Tumor size was classified into six groups (< 1, 1-2, 2-3, 3-4, 4-5, and > 5 cm). Clark level was classified into four groups (I/II, III, IV, and V). All of the patients were regrouped according to the 6th American Joint Committee on Cancer TNM staging system. Race was divided into white, black, and other (including American Indian/AK Native, Asian/ Pacific Islander).
We defined OS as the time from diagnosis to death or censoring. The CSS was also defined as the time from diagnosis to death due to cancer-specific death or censoring. Kaplan-Meier plots and Cox regression analysis were applied to determine the prognostic factor. Variables with a P value of less than 0.05 were considered independent prognostic OS factors, and the included prognostic factors were used to build the nomogram model for OS. Death from melanoma and death from other causes were two types of events in the competing risk analysis. Death from other causes was considered a competing risk [8] [9] [10] . We established competing risk analysis to acquire the cumulative incidence function (CIF) for different groups, and 3 and 5 years were recognized as cutoff times.
A nomogram model was established based on the results of the Cox proportional hazard model in the training cohort. To decrease overfit bias, the nomogram model was subjected to bootstrapping with 1000 resamples as quantified by the concordance index (C-index) for internal validation in the training cohort and external validation in the validation cohort. The value of C-index ranges from 0.5 to 1.0, with 0.5 suggesting no discrimination and 1.0 indicating perfect discrimination [11] .
We used SPSS 19.0 software (IBM Corp., Armonk, NY, USA) to identify independent prognostic factors. Construction, validation, and calibration of the nomograms www.impactjournals.com/oncotarget were developed on R version 3.1.2 software (Institute of Statistics and Mathematics, Vienna, Austria; www.r-project. org). The R "cmpprsk" and "rms" packages were used for building the model of competing analysis and nomograms, respectively. The score of the nomogram model was estimated and visualized by the "nomogramEx" package. All P values were two-sided, and those less than 0.01 were considered statistically significant by a large number of patients.
RESULTS
Clinical and pathological characteristics
A total of 31,580 eligible patients were included in the study, comprising 22,101 patients in the training cohort and 9,479 patients in the validation cohort. The clinical and pathological characteristics of the cohort study are shown in Supplementary Table 1. In the whole cohort, 5.02% of patients were aged less than 29 years, 8.91% of patients were aged 30-39 years, 16.47% of patients were aged 40-49 years, 22.41% of patients were aged 50-59 years, 21.20% of patients were aged 60-69 years, and 25.99% of patients were aged 70 years or older. The median age at diagnosis was 58.0 in the whole cohort. The median follow-up length was 46.0 months (range, 2-119 months). By the end of the last follow up, 7,515 (23.07%) patients of the entire population died, including 4865 from SCM and 2650 from other causes.
Out of 22,101 patients in the training cohort, 21,721 (98.28%) were white and 12,253 (55.44%) were male. T3-T4 tumors accounted for 19.49% of all tumors, and positive lymph nodes and distant metastases accounted for 12.05% and 1.40%, respectively. Tumors were most commonly noted on the limbs (45.72%) and trunk (34.62%), with less than 20% arising from genitals and head and neck. The three most prevalent histologic subtypes were melanoma NOS (42.85%), superficial spreading melanoma (36.91%), and nodular melanomas (10.91%). Majority of melanomas were > 4 mm thick, with 3.3% patients having less than 1 mmthick melanomas. The majority of melanomas were Clark levels II and III, whereas 6.57% tumors were Clark level V. A total of 3701 (16.75%) tumors demonstrated tumor ulceration. The majority of the tumor size of melanomas was ≤ 1 cm, whereas 1.8% had tumor sizes of 4-5 cm. A total of 387 (1.75%) and 21,845 (98.84) patients received radiotherapy and surgery, respectively.
Prognostic analyses with OS
Our univariate analyses demonstrated that sex, age at diagnosis, TNM stage, tumor location, histologic subtype, Breslow thickness, Clark level, tumor size, radiation, and surgery of primary site were statistically associated with OS (Supplementary Table 2 ). For multivariate analysis, age held a significant prognostic value for OS for patients ≥ 70 years old. Consistent with previous studies, men have poor prognosis for OS than women [4] . Tumor size, TNM stage, and Clark level were also significant independent predictors for OS. Other factors associated with poor OS included skin of genitals, tumor ulceration, and radiation. Compared with melanoma NOS histology, other histologies, except for nodular melanoma, were not associated with OS prognosis. Surgery was associated with improved OS.
SCM and competing risk analysis
According to the competing risk model, all factors excluding surgery of primary site were independent for SCM CSS (P < 0.05) (Supplementary Table 3 
Male patients had the highest cumulative incidences of death resulting from skin melanoma (0.092/0.124 for 3/5 years). Black patients had the highest cumulative incidences of death resulting from SCM, whereas White and "Other" (American Indian/AK Native, Asian/Pacific Islander) had lower cumulative incidences of death resulting from skin melanoma. The TNM stage also significantly influenced the prognostic factor. Patients with skin of genital and acral lentiginous melanoma had higher cumulative incidences of death resulting from SCM (P < 0.001). Increasing Clark level and tumor size also had higher cumulative incidences of death resulting from SCM. The CIF in different Breslow thickness groups formed a U-shaped trend, with thinness and thickness having the worst prognosis, whereas the median Breslow thickness experienced the best survival. Receiving radiation decreased cumulative incidences of death resulting from skin melanoma from 0.796/0.874 for 3/5 years to 0.382/0.479 for 3/5 years. No significant difference was found in the subgroup of surgery of the primary site. All variables, excluding surgery of the primary site, that were significantly correlated with cumulative incidences of death resulting from skin melanoma were employed to build the nomograms to predict 3-and 5-year CSS. All variables significantly correlated with SCM were used to construct the nomograms to predict 3-and 5-year probability of CSS and OS in SCM.
Construction and validation of a prognostic nomogram model
Nomograms for significant risk factors identified by the Cox model were constructed to predict the probability www.impactjournals.com/oncotarget of OS and CSS in SCM in the training cohort (Figure 2) . The age, race, sex, tumor site, tumor histology, TNM stage, Breslow thickness, Clark level, tumor ulceration, tumor size, radiotherapy, and surgery of primary site were included in the nomograms. The nomograms demonstrated that TNM stage, age at diagnosis, and tumor location were the largest contributors to prognosis, whereas tumor size was the lowest contributor.
We performed both internal and external validation of nomograms using the bootstrap method. Internal validation in the training cohort showed that the nomograms could accurately predict CSS with a C-index of 0.901 (95% CI, 0.895-0.907) and OS with a C-index of 0.860 (95% CI, 0.854-0.866). The calibration plots demonstrated excellent agreement between the nomogram predictions and actual observation for 3-and 5-year CSS and OS rates (Figure 3) . External validation in the validation cohort indicated that the C-index was slightly low: 0.904 (95% CI, 0.886-0.922) for CSS and 0.859 (95% CI, 0.841-0.877) for OS ( Figure  4 ). This finding suggested that the established models were reasonably accurate.
The risk score developed from the nomogram model could easily be calculated by the R "nomogramEx" package (Table 1) . TNM stage, age at diagnosis, and tumor location exhibited high risk scores, whereas tumor size had a low score.
DISCUSSION
SCM is the most dangerous type of cutaneous malignant tumor with considerable risk of developing distant and lymph metastases [12, 13] . The poor prognosis and clinical outcome are due to the poorly effective therapeutic methods currently available. Therefore, further understanding of the risk factors underlying SCM development is necessary to identify new early diagnostic factors and therapeutic targets. Prior studies evaluated the survival difference among different anatomical sites and histologic subtypes [14, 15] . Considering other clinicopathologic characteristics like age, race, sex, tumor site, tumor histology, TNM stage, Breslow thickness, Clark level, tumor ulceration, tumor size, and treatment which were associated with SCM prognosis, is necessary for predicting prognostic analyses. A recent non-metastatic SCM study based on the SEER database between 2004 and 2007 constructed nomograms, but Breslow thickness, Clark level, tumor ulceration, and tumor size were unavailable in the study, and the followup period was relatively short [16] . Using the SEER database, we screened the patients with SCM between 2003 and 2013, and 14 clinicopathologic characteristics (age, race, sex, tumor site, tumor histology, TNM stage, Breslow thickness, Clark level, tumor ulceration, tumor size, radiotherapy, and surgery of primary site) were considered in the study. The patients with SCM had significantly higher 3-and 5-year OS and CSS death probabilities (0.410 and 0.506, respectively) than those without SCM, and nomograms were established to predict the 3-and 5-year CSS and OS on the basis of competing risk analysis.
Several clinicopathological characteristics were proven to be independent prognosis factors for both OS and CSS in the present study, including age, race, sex, tumor site, tumor histology, TNM stage, Breslow thickness, Clark level, tumor ulceration, tumor size, radiotherapy, and surgery of the primary site. Next, we used the log-rank test and Cox proportional hazards regression to screen the independent prognosis factors of OS. However, these results could not be used to identify prognostic variables of SCM because death from other causes was considered as a competing risk event. Therefore, a competing risk was employed to avoid biased results. As shown in this study, the 3-and 5-year cumulative incidences of death resulting from SCM were 0.410 and 0.506, respectively. These findings indicated that more patients died due to SCM during the subsequent two years. These results were consistent with previous studies [14, 15] . Among these risk factors, age at diagnosis was an important prognostic factor. TNM stage, Breslow thickness, Clark level, and tumor size were also associated with increased CIF resulting from SCM death. Consistent with previous studies, the gender-specific disparity in SCM revealed that men had a higher CIF value than women [17, 18] . The causes of gender difference in SCM remain unclear but are likely due to estrogen [19, 20] , pregnancy [21, 22] , oral contraceptives [23] , and hormone replacement therapy [24] .
Both the 3-and 5-year CSSs of patients with SCM who received radiotherapy (0.382 and 0.479, respectively) were lower than those of patients with SCM who did not receive radiotherapy. Meanwhile, the CIF of death resulting from other causes increased with radiotherapy. By contrast, the 3-and 5-year death rates by other causes of patients with SCM who received radiotherapy were higher than those of patients with SCM without radiotherapy. Radiotherapy was associated with poor OS probability. This phenomenon indicated that radiotherapy might be associated with increased death from other causes. Interestingly, we found that the 3-and 5-year cause-specific death rates of SCM who did not receive surgery of the primary site (0.409 and 0.507, respectively) were higher than those of SCM who died of other causes. The detailed mechanism was unclear.
The prognostic nomograms were based on a modelbased prediction tool and incorporated clinical and pathologic risk factors known to influence the outcome. To guarantee the prediction accuracy of nomograms, Cox's proportional hazards regression model was used to select the variables. The nomograms indicated that age at diagnosis, tumor size, and TNM stage showed significant predictive capability for the prognosis of patients with SKCM. In the nomogram plot, the hazard ratios of OS and CSD in different age groups produced a linear association, with older patients suffering the worst survival rate. Other clinical and pathological factors, including race, sex, tumor site, tumor histology, Breslow thickness, Clark level, tumor ulceration, radiotherapy, and surgery of the primary site, were also associated with increased SCM mortality.
The present study exhibited several strengths. First, the greatest strength was the large cohort size and high quality of the SEER database. The conclusions from a population-based study were more reliable than those from a single study because the study was based on a large sample size and exhibited sufficient power. In addition, the large sample size was sufficient to allow a predictive model to be built accurately. Second, the Cox's proportional hazards regression model and competing risk analysis were used to screen the variables. All C-indexes of the nomograms were greater than 0.7. Excellent agreement between the calibration curve and 45-degree perfect match straight lines was observed, suggesting that the established model had good accuracy for predicting OS and CSD.
Despite these strengths, the study had some limitations. First, the study was based on a retrospective design that produced some bias, such as recall bias and selective bias. These results must be further validated in a prospective cohort before being applied to clinical use. Second, information regarding adjuvant therapy, such as chemotherapy, endocrine therapy, and targeted therapy, which are important prognostic risk factors for SCM [25, 26] , was unavailable in the SEER database. Without the information, the nomograms might yield some bias. Finally, external validation of the nomograms was not performed in our study.
In summary, we developed nomograms to estimate the probability of OS and CSS of SCM on the basis of a population-based cohort with long-term follow up. The constructed nomograms could help clinicians predict individual prognosis with SCM, thereby providing more individualized treatment strategies.
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